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from  about  1628  to  633.  Another  advantage  of  our  proof  is  that  based  oni.  we  managed  to  design  a 
quadratic  algorithm  to  four-color  planar  graphs.  This  is  an  improvement  »ver  the  -juartm  al^n^  ^ 
of  Appel  and  Haken.  We.  are  currently  implementing  the  algorithm,  an  e  eve 

'  The  new  proof  of  the  Four  Color  Theorem  opens  up  the  possibility  of  finding  efficient  coloring 
algorithms  for  larger  classes  of  graphs.  There  are  several  conjectures  to  tins  effect,  w'uch  J 
that  appears  to  be  approachable  is  Tutte's  3-edge-coteing  conjecture.  The  Four  Color  Theomm 
i,  equivalent  to  the  statement  that  every  2-edge-connected  cubic  planar  graph  is 
Thtte  conjectured  in  the  mid  1960’s  that  planar  here  can  be  replaced  by  the  much  weaker  cond. 
that  G  has  no  minor  isomorphic  to  the  Petersen  graph.  With  Robertson  mid  Seymour  we  managed 
reduce  this  to  two  classes  of  graphs:  apex  graphs  (graphs  such  that  the  dele,  on  of  some  vertex 
makes  them  planar)  and  double-cross  graphs  (graphs  tha,  can  be  drawn  in  ™ 

crossings  on  the  boundary  of  the  infinite  region).  The  hope  ,s  that  our  proof  of  the  Four  Cote 
Theorem  can  be  adapted  to  prove  Tutte's  conjecture  for  these  two  classes  of  graphs,  am  curr 
working  with  Daniel  P.  Sanders  on  the  apex  case. 

8.  B.  Reed,  N.Robertson,  P.D.  Seymour  and  I  managed  to  prove  a  confecture  of  Younger  tha 
for  every  integer  t  there  exists  an  integer  /(t)  such  that  every  directed  graph  either  has  ffisjom 
directed  circuits,  or  a  set  of  at  most  /(t)  vertices  meeting  all  directed  circuits.  This  .mmedistdy 
implies  that  a  number  of  important  problems  can  be  solved  in  polynomial  time  when  restricted 
to  digraphs  with  bounded  number  of  disjoint  directed  circuits.  More  importantly,  in  the  course 
of  proving  this  result  we  have  defined  a  new  concept,  path-width  of  a  digraph  an  analogue  o  an 
already  reasonably  well-understood  concept  of  path-width  of  undirected  graphs,  t  appears  a 
this  concept  will  play  the  same  role  in  digraph  theory  as  tree-width  does  for  undirected  grap  . 
In  particular,  I  expect  that  this  notion  wiR  lead  to  the  design  of  efficient  algorithms  as  well  as 
practical  ones  once  its  theory  is  sufficiently  developed.  This  is  a  research  project  for  a  team  of 
investigators  for  several  years,  and  includes  many  problems  suitable  for  graduate  students^ 

Par.  of  this  work  is  being  carried  out  in  collaboration  with  Paul  Seymour  of  Bellcore  and  Ned 
Robertson  of  Ohio  State  University.  Some  of  the  problems  that  motivate  this  research  ongmated 
in  the  applied  research  division  of  Bellcore.  A  paten,  for  the  design  of  SONET  networks  based  on 
concepts  and  ideas  studied  in  this  project  (most  notably  the  concept  of  tree-width  of  a  graph)  has 
been  developed  at  BeRcore.  A  simUar  idea  has  also  been  snccessfufly  used  in  an  algorithm  to  solve 
large  traveUng  salesman  problems  by  Applegate,  Bixby,  Cook  and  Chvatal.  Using  this  algorithm 
they  managed  to  solve  a  travefing  salesman  problem  on  over  4,000  vertices,  the  largest  trave  ng 
salesman  problem  ever  solved  exactly.  There  have  also  been  interactions  with  the  University  of 
Bordeaux,  University  of  Paris  VI  and  Bielefeld  University. 

Publications 

1.  Hadwiger's  conjecture  for  Ac-free  graphs  (with  N.  Robertson  and  P.  D.  Seymour),  Combina- 
torica  13  (1993),  279-361. 
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2  Daniel  P.  Sanders,  Circuits  through  five  edges  in  5-connected  graphs,  submitted. 

J.  Daniel  P.  Sanders,  linear-time  algorithms  for  graphs  of  tree-width  at  most  four,  Ph.D.  drsser- 
tation,  Georgia  Institute  of  Technology,  1993. 

4.  On  the  genus  of  a  random  graph  (with  V.  RM1),  Random  Stnmtnre,  and  Algorithm,  6  (1995), 


1-12. 

5.  Arrangeability  and  clique  subdivisions 


(with  V.  Rodl),  Mathematics  of  Paul  Erdos,  R.  L. 


Graham  and  J.  Nesetril  eds. 

6.  Uniqueness  of  highly  representative  surface  embeddings  (with  P.  D.  Seymour),  J.  Graph  Thc- 


7.  A  new  proof  of  the  four-color  theorem  (with  N.  Robertson,  D.  P.  Sanders  and  P.  D.  Seymour), 
to  appear  in  Electronic  Research  Announcements  of  the  AMS. 

8  5-connected  toroidal  graphs  are  Hamiltonian  (with  X.  Yu),  submitted. 

9.  The  four-colour  theorem  (with  N.  Robertson,  D.  P.  Sanders  and  P.  D.  Seymour),  submitted. 

10.  Packing  directed  circuits  (with  B.  Reed,  N.  Robertson  and  P.  D.  Seymour),  submitted. 

11.  Reducibility  in  the  four-color  theorem  (with  N.  Robertson,  D.  P.  Sanders  and  P.  D.  Seymour), 

available  from  ftp://ftp.math.gatech.edu/pub/users/thomas/four. 

12.  Discharging  cartwheels  (with  N.  Robertson,  D.  P.  Sanders  and  P.  D.  Seymour),  available  from 

ftp://ftp.math.gatech.edu/pub/users/thomas/four. 

13.  Cyclically  five-connected  cubic  graphs  (with  N.  Robertson  and  P.  D.  Seymour)  (to  be  sub- 
mitted). 

14.  Excluded  minors  in  cubic  graphs  (with  N.  Robertson  and  P.  D.  Seymour)  (to  be  submitte  ) 


Graduate  students 

.  Daniel  P.  Sanders,  Ph.D.  1993.  Current  position:  Assistant  Professor,  Ohio  State  University 

•  Christopher  Anhalt,  Diplomaarbeit  (German  MS  thesis),  1994  (no  ONR  support) 

.  Matthias  Hayer,  MS  thesis,  1994  (no  ONR  support) 

•  Christopher  Carl  Heckman,  Research  Assistant,  1994,  1995,  1996 

•  Kevin  Haulk,  Research  Assistant,  1995 

•  Thomas  Fowler,  Research  assistant  1993,  1994,  1995,  1996 

•  Zhiquing  Lu  (no  ONR  support) 

•  Barrett  Walls,  Research  Assistant,  1995,  1996 

Invited  lectures 

•  Seminaire  LABRI,  University  of  Bordeaux,  France,  April  1993 

•  Graph  Theory  Seminar,  University  of  Paris  VI,  April  1993 

•  SFB  Seminar,  Bielefeld  University,  May  1993  (2  lectures) 

.  Graph  Theory  Seminar,  Charles  University,  Prague,  Czech  Republic,  May  1993 
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•  Sixth.  Cumberland  Conference,  Memphis,  TN,  May  1993 

TM  Tr’ph  Ttory,  Combines,  Algorithms  and  Applications, 

June  1993  Normal  University,  Shanghai,  China,  June  1993 

!  me,"  ““cries,  dobns  Hophins  «-*  —  •  “>■  *“  « 

.  Colloquium,  University  of  Tennessee,  Knoxville,  TN,  April  1994 

•  Colloquium,  Lousiana  State  University,  April  1994 

.  Colloquium,  Georgia  Institute  of  Technology,  May  1994 
.  Pure  Mathematics  Seminar,  University  of  Cardiff,  UK,  June  1994 
.  Combinatorics  Seminar,  Oxford  University,  Oxford,  UK,  June  199 
.  Discrete  Mathematics  Seminar,  University  of  Grenoble, 

•  Discrete  Mathematics  Seminar,  University  of  Pans  VI,  June  199 

.  Logic  Seminar,  Mathematical  Institute  of  the  Ccech  Academy  of  Scrences,  Prague,  C 
Republic,  June  1994 

•  Graph  Theory  Conference,  Oberwolfach,  Germany,  June  199 

.  Graph  Embeddings  and  Maps  on  Surfaces,  Donovaly,  Slovakia,  August 

•  Colloquium,  Emory  University,  Atlanta,  GA,  October  1994 

.  Kolloquium  iiber  Kombinatorik,  University  of  Hamburg,  Germany,  November 

•  Colloquium,  University  of  Georgia,  Athens,  GA,  March  1995 

•  Colloque  Arbres,  Versailles,  Prance,  June  1995  .  ,  1995 

•  Third  Slovene  International  Conference  on  Graph  Theory,  Ble  ,  ovema, 

.  Burlington  Mathfest,  Burlington,  VT,  August  1995 

•  Second  joint  AMS-SMM  meeting,  Guanajuato,  Mexico,  Decern  er 

Prize 

,994  D  Ray  Fuiierson  Price  iu  Discrete  Mathematics,  awarded  by  the  American  Mathematical 
S„ly  and  the  Mathematical  Programming  Society  to  the  paper  “Hadwrger's  conjecture  for  if,- 

free  graphs.” 
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